Dendrocalamus strictus ((Roxb.) Nees) was tested as a perennial host plant for propagation of an arbuscular mycorrhizal (AM) fungal consortium, initially isolated from rhizosphere of tea plants growing in the colder regions. The host performance in terms of colonization and spore production was compared with two annual hosts. The mycorrhizal dependency and growth enhancement potential were analyzed to test the suitability of D. strictus as a host plant. After 90 days of growth, 77.2% roots of D. strictus were found to be colonized by AM fungi with a spore count of 7 per g soil. AM fungal colonization and spore density values were lower in case of the host plants tested. Growth of D. strictus plants was found to be enhanced, in terms of all studied parameters; significant increases were recorded in shoot length as well as fresh and dry weight of shoots, a part of commercial importance. Similarly, P content, protein concentration, chlorophyll a and chlorophyll b contents were found to increase significantly. These data suggest that D. strictus can be used for the multiplication of AM fungi, isolated originally from the rhizosphere of tea; simultaneously, higher shoot biomass can provide additional economic benefit, using this environment friendly technology.
Introduction
Arbuscular mycorrhizal (AM) fungi form a major component of the soil microbiota in natural ecosystems and play an important role in the mineralization and plant nutrient cycling. In a symbiotic association with AM fungi, the host plants benefit through increased efficiency of nutrients and absorption of water, that is reflected in overall enhanced plant growth. Positive effects of this association are also seen in terms of increased stress tolerance [1] . In spite of potential for use in agriculture and forestry, AM fungi have received little attention due to their obligate symbiotic nature, that is, it is not possible to culture these on synthetic media, unlike other plant growth promoting microorganisms (e.g., rhizobia and pseudomonads, etc.).
The understanding of physiological, biochemical, and genetic characteristics of AM fungi as well as their practical exploitation is constrained on account of inability to culture under in vitro conditions. Therefore, the AM fungi are grown on a suitable living host root system. The potential utilization of AM fungi greatly depends on the ability to produce suitable inoculum using a simple and inexpensive methodology; the inoculum should be such that it can be spread easily on agricultural fields with traditional farm equipments. AM fungi are generally propagated easily using a pot-culture technique. Fungal inocula, usually made of spores and colonized root segments, are mixed with a suitable substrate; the colonized substrate as well as root segments can be used as AM inoculum.
An important criterion in the selection of a host plant is its mycorrhizal potential (i.e., its capacity to be colonized by the AM fungi and to promote their growth and sporulation); tolerance to growth under growth chamber and greenhouse conditions, and an extensive root system comprising of solid but nonlignified roots are other considerations. Leek (Allium porrum L.), sudan grass (Sorghum bicolor (L.) Moench), corn 2 ISRN Soil Science (Zea mays L.), and bahia grass (Paspalum notatum Flugge) are frequently used as plant hosts for inoculum production [2] .
Bamboo and tea, both are economically important and perennial crops grown worldwide under tropical to temperate climatic conditions [3, 4] . In a recent study, rhizosphere associates of tea including the AM fungi, growing under temperate climate, have been investigated leading to the development of a soil-based AM fungal consortium for field applications [5] [6] [7] . The host plants tested so far (such as sorghum, barley, and clover) to mass propagate AM fungi, in a short duration, also have short life cycles. This almost invariably means that the aerial parts (often of commercial value) of the host plant are discarded. Furthermore, a second host plant (sometimes other species) is needed to continue propagation over longer periods. To overcome these problems, the present study was undertaken to test Dendrocalamus strictus (Roxb. Nees; common name: lathi baans-bamboo) as a perennial host plant for the propagation of AM fungi of colder regions. D. strictus, an evergreen, fast growing, multiutility bamboo, performs well under tropical, subtropical, and temperate conditions. It has been used to propagate AM fungi, such as those associated with tea plants growing in the mountain regions. Comparisons were also made for the colonizing efficiency and sporulation with two annual host plants, Zea mays L. and Eleusine coracana L.
Materials and Methods

Seed Collection and Preparation of the AM Fungal
Inoculum. Seeds of D. strictus were obtained from Kumaun nursery, Ramnagar, District Nainital. Previously prepared indigenous AM fungal consortium, containing native populations from the natural tea rhizosphere [5] [6] [7] , was used as inoculum. • C, 1.1 Kg cm −2 for 1 h × 3). Soil-based AM fungal consortium (10 g soil per seed), containing 20-30 AM fungal spores and root fragments, used as inoculum and was placed below the seed at the time of sowing. Control pots were left uninoculated. All pots were kept in the greenhouse (incident sunlight 1/3rd of ambient) and watered every alternate day with tap water. The analyses of AM fungal colonization and spore densities in respect of all the three host plants (Z. mays, E. coracana, and D. strictus) were carried out after 45 and 90 days following inoculation. To elucidate the effect of AM fungal inoculation on the growth of D. strictus, plants were harvested after 6 months of growth to record observations.
Pot
AM Fungal Colonization.
The roots of inoculated and uninoculated (control) plants were rinsed with tap water and cut into 1 cm pieces for staining with trypan blue [8] . One hundred root segments were randomly picked and mounted on glass slides in lactophenol for microscopic examination (Nikon, Optiphot-2). The colonization was calculated using the following formula: % colonization = Total no. of root segments colonized Total no. of root segments examined × 100.
(1)
2.4. Spore Density. Spores were isolated by wet sieving and decanting [9] and counted on filter paper discs [10] . The identifications were done as reported earlier [5, 6] . Spores, spore clusters, and sporocarps, obtained from all the sieves, were observed by using a stereo-zoom microscope. Thereafter, spores looking similar in size and colour were separated from the spore mixture and later identified with compound microscope. Identifications were based on current descriptions and identification manuals [11, http://invam.caf.wvu .edu/fungi/Taxonomy/speciesID.htm].
Growth
Parameters. D. strictus plants were gently uprooted 6 months after seed sowing and washed thoroughly in tap water to remove soil particles from the surface of roots; these were then blotted dry. The growth parameters were measured in terms of root and shoot length, fresh weight, dry weight, and the number of tillers. Dry weight was determined after drying to constant weight at 60 • C. Root: shoot ratio was calculated in terms of dry weight. Protein and chlorophyll content were determined spectrophotometrically according to Lowry et al. [12] and Dere et al. [13] , respectively. The P content of plants was analyzed colorimetrically using the vanadomolybdate method [14] . A total of 19 AM fungal morphotypes, that included 16 morphotypes of Glomus and 3 of Acaulospora, were propagated from the tea rhizosphere using D. strictus; these were similar to earlier observations recorded for the other two host plants (Z. mays and E. coracana [6] ). (Table 1) . Values in respect of all the parameters recorded in this study were higher in treated plants over the respective values in untreated controls; the increase was, however, not significant for all the parameters. Inoculation with AM fungi resulted in 9.8 and 24.4% increase in root and shoot length, respectively, over control. Significant values (P ≤ 0.05; one-way ANOVA) of 80 and 294% increase, over uninoculated plants, were recorded in root and shoot fresh weight, respectively, of treated plants. Significant increase in root and shoot dry weight (64 and 315%, resp., over control) was also recorded. A decrease in root: shoot ratio (55%; dry weight basis) was recorded in D. strictus plants treated with AM fungi. Number of tillers was found to increase by 47% in treated plants. The overall mycorrhizal dependency for D. strictus plants was found to be 72.55 ± 1.37%. Values represent mean ± standard deviation; n = 10. The effect of AM inoculation on chlorophyll, protein, and P contents was also found to be positive in D. strictus plants ( Table 2 ). The increase was highly significant (P ≤ 0.001; one-way ANOVA) in respect of all these parameters, except for chlorophyll b, in inoculated plants over control. Correlation analysis revealed positive relationship between % AM colonization/mycorrhizal dependency and the various growth parameters, except root: shoot ratio (Table 3 ).
Mycorrhizal
Results
AM Colonization and
Effect of AM Inoculation on Growth. Enhanced growth was observed in the inoculated plants of D. strictus over uninoculated controls
Discussion
D. strictus, a perennial host, and two annual host plants (Z. mays and E. coracana) were used in the present study for the "trap culture" establishment. The three host plants used in this study are known to have fast growth cycle and extensive, nonlignified root system. In an earlier study, AM fungal consortia were prepared from the cultivated as well as natural tea rhizosphere using E. coracana as host; however, a second host (wheat) was required to continue the propagation cycle [6] during winter. D. strictus, being a perennial host, does not require a second host to continue the propagation cycle. Furthermore, the above-ground biomass can be removed from time to time for commercial use; this species is well known for its social and economic relevance. The young culms are exploited, in some bamboo species, as a source of food and wood for furniture, handicraft items, for making houses and packing boxes, and so forth.
The substrate used in the study consisted of autoclaved soil : sand (1 : 1) mixture; the sand was mixed with soil to increase aeration. Pasteurized, steamed, or irradiated growing substrates are required in order to avoid culture contamination which could affect the inoculum quality. A wellaerated substrate, such as the coarse textured sandy soil, has been recommended earlier [17] .
The AM fungal colonization and subsequent spore production depend on the type of host as well as the duration of infection of these symbiotic organisms. Generally, with increase in the period of growth after infection, the host root colonization increases, with little effect on spore production. It is the host type, which is more important for spore production [18, 19] . This may be the reason for observed higher colonization and spore count in case of D. strictus, compared to two annual hosts.
Results of an earlier experiment for mass production of AM inoculum using selected host plants indicated a gradual but concomitant increase in terms of both the root colonization and spore numbers, produced with increase in the period of growth. Significantly higher spore formation ISRN Soil Science 5 was recorded in D. strictus after 45 and 90 days; this clearly indicated its suitability as an appropriate host for producing AM inoculum. Therefore, soil from around the base of D. strictus plants can be used as inoculum, and the plant can be used as a suitable host for mass propagation of pure cultures of AM fungi, originally isolated from the rhizosphere of tea plants. Based on the data for colonization and spore counts, E. coracana can be considered as the second best host, while Z. mays would appear to be the least efficient host for the purpose of mass propagation of AM fungi.
This study demonstrated the effectiveness of AM fungal consortium developed from the rhizosphere of tea in terms of promoting the growth of D. strictus plants as per recorded parameters. AM fungal inoculations have been reported to improve both above ground as well as below ground biomass in different plant species [20, 21] . Similar effect has been observed in different bamboo species, including D. strictus, grown under tropical conditions [22, 23] . However, reports are not available under temperate conditions. Inoculation with a consortium of AM fungi is often associated with additional and consistent benefits to the plants in comparison to inoculations with a single species [24] . Growth stimulating effects of indigenously developed consortial inocula have been reported earlier [25] . The consortium used in this study has earlier been shown to improve the growth of maize and wheat plants [6] . The high Mycorrhizal dependency may have resulted in increased growth of D. strictus plants observed in this investigation; this was supported by a significant positive correlation recorded between mycorrhizal dependency and studied growth parameters, including the biochemical indicators (e.g., nutritional and chlorophyll contents). Mycorrhizal dependency is an important parameter to elucidate growth response of mycorrhizal plants compared to their nonmycorrhizal counterparts [15] .
In conclusion, the present study shows that D. strictus can be used to suitably multiply AM fungi, originally from the rhizosphere of tea plants growing in the colder regions, without the need of additional host(s) to continue the propagation cycle, a limitation frequently encountered when annuals are used as host plants. Further, the aerial parts (shoots) can also be removed from time to time for additional economic benefit. D. strictus being a major forest species, with large geographical coverage, can also be used for afforestation purposes, while using AM fungal consortia as bioinoculant.
